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p���fduäkNÈ�!Æ·�!´4z93	>|¥U?´uö��A:, ®²¤�
8cÔnÆ+
�ïÄ�9:��. �©3^1²¥¢�ÿþ
��f 15P3/2 Ú 16P3/2 �� Stark 1Ì, �â1Ì�Ñ
 15P3/2

Ú 16P3/2|m| = 1/2 Stark �3 0—1400 V/cm |r��·^� Stark UþÚó4Ý�²�5)ÛL�ª; ^ê��
{¦)Å½��§¼�
ù
�� Stark Uþ!ó4ÝÚ>fAÇ�Ý©Ù. >fAÇ�Ý©Ù½5`²
O��
ó4Ý¥þ���´�(�. O�� Stark Uþ!ó4Ý�¢�(J���.

'�c: p���, >ó4Ý, Stark �A, >fAÇ�Ý

PACS: 32.60.+i, 32.10.Dk, 31.15.xp, 31.15.ap

1 Ú ó

p���fäkNõÛA�5�, �X: ��
�f�»!N´4z9�Æ·�, Úå
<�2�
�ïÄ,� [1−17]. ¥5�f�ó4Ýdu>f>
Ö©Ù�4Ðé¡5, >ó4Ý²þ�". �3	
\>|¥, p���f�d>fÉØ�åPå�Ì
þfê n �O\~�, p n �p����~´
u4z, 4zÇ�k�Ìþfê n∗ � 7 g�¤�
' [18]. Khadjavi � [19] $^���6nØ�Ñ
O
��f4zÇ�nØúª, �5�NõïÄ [20−27]

Ñr:�3ïÄ�f�4zÇ¯Kþ, 'uó4
Ý�ïÄ��é�. ó4Ý�ïÄ�~kÏu

)p���f�4zÅnÚL§, kÏu?�Úk
�ö��fU?�£ÄÚ-EUþ=£�. �©
¢�ÿþ
��f 15P3/2 Ú 16P3/2 |m| = 1/2 �
�U?�	\�6>|�£Ä, ¿éÿþ(J?1
õ�ª[Ü, [Ü¤�õ�ª2é>|¦�ê¼�

 Stark ��>ó4Ý�²�)ÛL�ª, ^þf

åÆ¦²þ�{O�
p���f�A�>ó4
ÝÚ>f�Ý©Ù, nØÚ¢�(J3Ø�#N�
�S¼�éÐ��.

2 ¢��{!�nÚ(J

2.1 ¢¢¢������{{{

¢�C�aquë�©z [28—36], ùp��
{�0�. ¢�ó�3~5�e�fXÚ¥?1,
¢��{Xã 1 ¤«. þ�Ü©´ü@ª���
N-1XÚ, ��e%�f�Ä$Ú2Ä$1.
e�Ü©´ Stark 1Ì�ÿþXÚ. óÀ/�-1
^ur�f²¥ 6P3/2 ���f-u�	>|¥
�p n Stark �, N���� 508—540 nm, Uþ�
� 2 mJ, ó°�� 8 ns. �f²¥SCkü¡»G
>4, ¡È� 40 mm × 40 mm, 1�ßLÇ� 95%,
^u�)þ!>|. >4må� 15 mm, �¡�/,
,�¡�\���N!�6>Ø. 3pUþ�Ý
-1�^ep n Stark ��f2áÂ��/�-1
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1f�>l, lf3>|�^e�1���Ï�
� (MCP) &ÿì. lf&ÒÏL{Id"4úi
)�� SR250 .�È©²þì (boxcar) È©²þ
�x\�ê=�>´, ��ÏL>M¢yêâæ8.
oÏ�êiò�óÀ&Òu)ì DG535 ��/�
-1Ä$ (YAG -1ì) �>uÚêâæ8��
S. � � � � � � � � � � 	� 
 � � � � 
 � � �� � � � �

ã 1 ¢�XÚ�n

2.2 >>>óóó444ÝÝÝÿÿÿþþþ���nnn

�â²;� Stark UþÚ|r�'Xª E =
E0 + ∆E = E0 − P · F = E0 − PEF . Ù¥ E ´U
þ, E0 ´Ã|��Uþ, ∆E ´ Stark �AÚå�U
?£Ä, F �|r, P �Ló4Ý. PE ´ó4Ý3
>|���©þ. Ø�ÄÙ¦,Ñ|�K�, Stark
�é�m¦²þ�ó4Ý P Ò�u§3>|��
�©þ PE . Ï� Stark ��>Ö©Ù'u>|��
^=é¡, ¤±R�u|r���ó4Ý©þ²þ
�". e>|���� Z ¶���, þªü>é>
| F ¦�ê��

PE = Pz = −dE/dF. (1)

â (1) ª=�¦Ñ>ó4Ý [37]. 3¢�ÿþ¥, �
â Stark 1Ì¼�Uþ E �>| F Cz��X�
êâ, ?1õ�ª[Ü¼�Uþ E 'u>| F �
)ÛL�ª, é>| F ¦�¼�ó4Ý�²�)Û
L�ª.

2.3 ¢¢¢���(((JJJ���êêêâââ???nnn

¢�æ^óÀ/�-1ì-u, äk���
Å�×£��, �":´�°��, �� 0.2 cm−1,
¤±·�ÀJU?m�����?1ÿþ, =À

J 15P Ú 16P �. ëY-1�,äk�~Ð�1
Ì©EÇ, =äk�~Ä��°, �Ù×£Å��
��Ø>>b��{Ùp - ]ÛnN�Å�, ×£
���~k�, Ø·Üu�°Å����1Ìÿ
þ. �����N-1ìüg×£ªÇ��CX�
��� 20 GHz ≈ 0.67 cm−1, v��-1ì�±�
� 1 cm−1.

ã 2(a) Ú (b) ©O´ 15P Ú 16P NCnØO
�� Stark U? (î�1w�) Ú Stark 1Ì (ç
��). J�´nØO�� |m| = 1/2 �U?, ¢
�´ |m| = 3/2 �U?. lã 2 �±w�, 15P1/2

�3	|¥�e£Ä, 15P3/2 �Ø=�e£Ä, 
�©�� |m| = 1/2 Ú |m| = 3/2 ü�©þ. Ã|
� 6P3/2 �� nP ���[´B+�, 3	|¥�
»
B+, �±�)�[. �lã 2 �±w� 6P3/2

�� 15P1/2 ���[AÇE,´é��, A�*
	Ø�, ,� 15P3/2 ���[AÇé�. 16P �
��¹� 15P �aq.
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ã 2 15P � (a) Ú 16P � (b) � Stark 1ÌÚnØO�
�U? (a) 15P �; (b) 16P �

æ8ã 2 ¥ 15P3/2 Ú 16P3/2 �1Ì¸�é
A�UþÚ|r, ?1õ�ª[Ü©O��ã 3(a)
Ú (b). [Ü�� Stark Uþ'u|r�L�ª (2)
Ú (3) ª. �âùü�L�ª�±CqO�3k
�|r��S (< 1400 V/cm) ?¿|re 15P3/2

Ú 16P3/2 �Uþ. úªü>¦���CqO�>
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ó4Ý�)ÛL�ª (4) Ú (5) ª.

E15P = − 838.733 − 0.000147867F

− 1.12577 × 10−6F 2

+ 1.15073 × 10−10F 3(cm−1), (2)

E16P = − 709.64 + 0.000125298F

− 2.35907 × 10−6F 2

+ 4.28404 × 10−10F 3(cm−1), (3)

P15P = − dE/dF = 3.46447 + 0.0527531F

− 8.08841 × 10−6F 2(e · a0), (4)

P16P = − dE/dF = −2.93569 + 0.110545F

− 0.0000301121F 2(e · a0), (5)

ª ¥ | r F æ ^ ü   V/cm. ó 4 Ý ü   ¥
� e �L>f>Ö, a0 �À��». ¦�O�
¥¦^
|r��fü � V/cm ���'X,
= 1 a.u. = 5.14220652 × 109 V/cm.

� � � � � �
� � � 	 
 �

�  � � � � � �� � ����
� � ���� � � � � � �� � � � � �� �  ! � �� �  ! � �

" � � � � � � � � � � � � � � � � " � � � � � �
�  � � � � � �" � � � � � � � � � � � � � � � � " � � � � � �

� # �  � # � "� # � �� # � �� # � !
$ % &

$ ' &
ã 3 ¢�ÿþ� 15P3/2 (a) Ú 16P3/2 (b) Stark �Uþ
9n�õ�ª[Ü

3 nØO�

3.1 OOO������{{{

Ä k ê � ¦ ) k 	 | � � Å ½ � � § ¼
� Stark ����UþÚ��¥. ©z [38] ò>

f��f¢��^Cq±¥Õ³L«, ùéu�Ä
þþfê l ���f��)
��Ø�, Ï�� l

��d>f;�¬0B��f¢SÜ, d>fÉ�
�f¢���u>Öê 1 �·>�^, üÕæ^¥
Õ³ØUO(£ãù��^. ·�3O�¥æ^

ëþ�.³ [39] O�¥Õ³, ��O(/£ã
ù
��^, Ó��Ä
�f¢Éd>f�^�)�
4z�A, =O\
4z³ [38] −αcore/(2r4). éu
��f, αcore = 14.752 a.u., ª¥ αcore ��f¢�
>ó44zÇ, r �d>f��fØ�m�ål. 3
	|¥�Å½��§�{

H0 + Hs
}

ψ = Eψ, (6)

H0 ´"|��M�î�Î, Hs = er · F = eFz

´	| F é�f��6. E ´	|¥�Uþ��
�, ψ ´Å¼ê, e �>f>þ. Ã	|��Å½�
�§�

H0 |φn〉 = E0
n |φn〉 . (7)

b½\	|��Å¼ê�Ã	|Å¼ê��5U
\, =

|ψi〉 =
N∑

n=1

ain |φn〉 . (8)

ò (8) ª�\ (6) ª, �

(H0 + Hs)
N∑

n=1

ain |φn〉 = Ei

N∑
n=1

ain |φn〉 . (9)

ü>�¦ 〈φn′ |, �
N∑

n=1

ain(E0
nδnn′ + 〈φn′ |Hs|φn〉 = Eiain′ , (10)

�k N �ØÓ� n′, ¤±�±�) N ��§ (10),
§�|¤�§|, ÙÝ
�§�

E0
1 + Hs

11 · · · Hs
1N

...
. . .

...

Hs
N1 . . . E0

N + Hs
NN




ai1

...

aiN



=Ei


ai1

...

aiN

 , (11)

Hs
nn′ = 〈φn |Hs|φn′〉 ´�6Ý
�. é�zþã

Ý
�§, =��� Stark ����UþÚ��¥.
Ã|��»�Å¼êÏLê�¦)»�Å½��
§¼�, �ÝÅ¼êäk)ÛL�ª, äNë�©
z [38].
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>ó4Ý�nØO��âþfåÆ¦²þ�
�{¼�, =

P = 〈Ψ |−er|Ψ〉 . (12)

du>f©Ù'u>|��^=é¡, ¤±ó4Ý
�²þ��k3>|��â�U�", Ïdó4Ý
��±�âeª��O�:

P = −e 〈Ψ |r cos θ|Ψ〉 , (13)

θ � r �>|���Y�.
Stark �>f�Ý�m©Ù�¹�±^u½

5 n ) Ú � y ó 4 Ý � O � ( J. Ù O � ú ª
� d = 〈Ψ |Ψ〉. �
O\�À5, �ãL«�æ
^ d′ = 〈Ψ |Ψ〉 r2[40,41].

3.2 OOO���(((JJJ

O�� Stark U?Ú¢�êâ�å±�uã 2

¥. �±w�nØO�Ú¢�(J�~��. '
u Stark �U?�O�Ú?Ø®²kNõïÄ�
� [38,42,43], ùpØ2Kã. ·��O�
ØÓ|
r�>f�Ý©Ù. 3 0 |Ú 1200 V/cm �|r
e,15P3/2 Ú 16P3/2 |m| = 1/2 ��>fAÇ�Ý
©ÙXã 4 ¤«. 0 |e>f��m©Ù'u Z ¶
^=é¡, 'u X ¶º�é¡, ¤±>ó4Ý� 0.
�÷ Z ¶���\>|��f�4z, >f�>|
.� Z ¶K��. >ó4Ý¥þ½Â�lK>Ö
���>Ö, ¤±�)
�>ó4Ý. du�f�
�»�'uÌþfê n �²�, ¤±lã 4 �±w
� 16P ��>f©Ù�m²w�u 15P �. c[
*	��w� X ¶��>fÓâ��m3>|¥
��C�, =>f©Ù��� Z ¶� 
,  Z ¶
��>f©Ù�N�X Z ¶K��£Ä
Nõ, £
Ä�õ���û½
�fó4Ý���.
 

� � � �� � � �� �� � � � � �� � � ��� 	 
 � � � �� � � �� �� � � � � �� � � ��� 	 

� � � �� � � �� �� � � � � �� � � ��� 	 
 � � � �

� � � �� �� � � � � �� � � ��� 	 

� �  � � 

� � � � 
ã 4 nP3/2 |m| = 1/2 �>fAÇ�Ý©Ù (a) F = 0, n = 15; (b) F = 1200 V/cm, n = 15; (c) F = 0, n = 16;
(d) F = 1200 V/cm, n = 16
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15P Ú 16P �ó4Ý�ê�O�(JÚ�â
c¡¼��²�úª±����¿Ð«uã 5
¥. 16P �k���4zÇ, ¤±� 15P ��'k
���ó4Ý. ó4ÝÑ´����|r�OrÅ
ìO�, ù�·�O��>fAÇ�Ý©Ù���.
3 500 V/cm |r±e, ó4ÝCq¥�5O�, ¿
�X4zÇ´~ê. 3���|r¥yÑ��5A
5, =3|r�u 1500 V/cm �, 4zÇØ2´~
ê, ´Åì~�.

� � � � � � � � � � � � � � � � � � � � � ��� �� �� �� �� � � 	 
 	 � �  �� � � � � �� � � � � �� � � � � �� � � � � �	 
 	 � �  � � � � � � � � � �  ! " # $%& ' () * � + ! " # $
ã 5 nØO�� 15P3/2 Ú 16P3/2 |m| = 1/2, 3/2 ��
ó4Ý�¢�ÿþ(Jé'

4 ? Ø

4.1 '''uuu nP3/2 |m| = 1/2 ÚÚÚ |m| = 3/2

111ÌÌÌ©©©EEE

3ã 2 � Stark 1Ì¥du-1�°���Ã
{©E nP3/2 |m| = 1/2 Ú |m| = 3/2 �1Ì. �
, Stark Uþm���Ø´©E, �Uþ'u>|
¦�ê��)�ó4Ýk���É. 3ã 5 ¥�
±w�nØO�� nP3/2 |m| = 1/2 �ó4Ý�
�â²�úª±���ÎÜ��~Ð, ²þ��
� 0.144e · a0 (15P ) Ú 0.295e · a0 (16P ).  nP3/2

|m| = 3/2 �ó4Ý�²�úª�����, ²
þ�å� 5.307e · a0 (15P ) Ú 5.358e · a0 (16P ). ù
L²¢�ÿ��ó4ÝÌ�5g |m| = 1/2 ��
z.

·��nØO�
�'��[AÇ, (JL
² 6P3/2 � nP1/2 ���[AÇ==´� nP3/2

� � � © � A, ¤ ± ¢ � ¥ v k * 	 � 6P3/2

� nP1/2 ���[. nØO�� 6P3/2 �� 15P3/2

|m| = 1/2 �AÇ��u� |m| = 3/2 ©þ�AÇ,
ù?�Úy²
¢�*	�� nP3/2 1ÌÌ�5
g |m| = 1/2 ©þ��z.

4.2 444zzzÇÇÇ

3�f	|¥, ó4Ý�����f�4zÇ
'Xª� P = αF , Ù¥ α �4zÇ. l (4) Ú (5) ª
·��� 15P3/2 Ú 16P3/2 |m| = 1/2 ��4zÇ
©O� 0.05275e·a0/V·cm−1 Ú 0.1105e·a0/V·cm−1.
�ö��´cö� 2 �, `² 16P3/2|m| = 1/2
��´u4z. ù�´N´n)�. Ìþfê�
�, >f�m©Ù�NÈ��, >fÉ�fØ�
åP�f, �´uÉ	\>|�K�, ¤±´u
4z. ©z [18] ®²y²w7á�f�4zÇ
���k�Ìþfê n∗ � 7 g�¤�'. ·�
�â¢�(JO�� 15P3/2 �� 16P3/2 ��4
zÇ�'� 0.477, k�Ìþfê'�� 7 g

��
(

n15P

n16P

)7

=
(

15 − 3.562
16 − 3.562

)7

≈ 0.556, Ù¥,

3.562 � nP3/2 ��þfº�. ��¢�ÿþ�(
JCq÷vù�5Æ.

4.3 óóó444ÝÝÝÚÚÚØØØ���

·�æ^þfåÆ¦²þ�{O��ó4Ý
Ú¢�ÿþêâÎÜ�éÐ, `²O��{Úÿþ
�{Ñ´�&�. ·��òê�O�� Stark U?
êâ?1[Ü, ¼�U?�)ÛL«�2é>|¦
�ê¼�>ó4Ý, �þfåÆ¦²þ���ó4
Ý�{��. ²LõgO��L², þfåÆ¦²
þ�{Ñ¤�m��, 3Ó�M�^�e��[Ü
¦��{� 10 �. ¤±æ^k¦ Stark U?2[Ü
¦��O�ó4Ý�{¬!��þO��m.

�|r�w7á�f Stark U?£Ä���L
«� ∆E = −αF 2/2, ü>¦�ê�¦± −1 ¼�
ó4Ý�L�ª� P = αF , ùü�úª�·�¢
����²�úª (2)—(5) ªÑØ�Ó, =L�ª
¥��ê' (2)—(5) ª�ÐA�. ù� Stark Uþ£
Ä�úª´°(�����6nØO�(J. Å¼
êæ^¥�¼ê, duØ�Ä�f¢�4z, Ã	
|�>f>Ö©Ù´é¡�, ¤±�fvk�k>
ó4Ý, �6O������". 3�>|^�e,
n�±þ���~�, ®²��ÑØO, ó4ÝL
yÑ'u|r��5'X. �3p|reù�Xê
åX���^, §k��;��¶i, =�4zÇ,
§¦ó4Ý3p|r�LyÑ��5.

3 (4) Ú (5) ª¥, �"�~ê�Ì�d¢�Ø
��). ¢�ó��
¼���Å�×£��æ^

óÀ/�-1ì-u, �éuëY�-u15`
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Ù©EÇØp, �°�� 0.2 cm−1, Å��°(5
Ú�E5���±9-1óÀUþ�Ø½�
¬��1Ì¸� ��Cz, ù
Ñ¬Úå¢��
 lý¢�.

5 ( Ø

3 � e � f X Ú ¥ ¢ � ÿ þ 
 15P3/2

Ú 16P3/2 �� Stark 1Ì, �â1Ìêâ�Ñ

ùü��� Stark UþÚó4Ý�)ÛL�ª, ²

(
���Ôn¹Â. �âù
úª�±�B��
�'|r��S� Stark ��UþÚó4Ý. ·�
�^ê��{¦)
��f	>|¥�Å½��
§, 3�Ä�f¢4zÚ¦^ëþ�.³Ä:þO
�
 Stark Uþ!>f�m©ÙAÇ�Ý9ó4Ý.
ó4ÝO�æ^þfåÆ¦²þ��{. >f�A
Ç�Ý©ÙO�(J½5|±ó4ÝO�(J. 9
±�[AÇÚó4Ý�O�(@
 nP3/2 � Stark
1ÌÌ�5gu |m| = 1/2 ©þ��z. nØO�
� Stark UþÚó4Ý�¢�(JÎÜ�éÐ.
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Abstract
Rydberg atoms has been one of the hot current research subjects in the field of physics becasue of its large volume, long life,

easy polarization and energy levels easily controlled by external electric field. In this paper, the Stark energies and electric dipole
moments of 15P3/2 and 16P3/2 of atomic cesium are measured experimentally. The empirical analytic equations of dipole moments
and Stark energies for these two states are presented. We also numerically solve the Schrödinger equation and obtain Stark energies,
dipole moments, and electron probability density distributions. The probability density distribution accords with the calculated dipole
moments. The Stark energies and dipole moments are consistent with our experimental results. To the best of our knowledge, the
measurement and calculation methods for dipole moments presented in this paper are reported for the first time.
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